The radiologist has a number of roles not only in diagnosing but also in treating osteoporosis. Radiologists diagnose fragility fractures with all imaging modalities, which includes magnetic resonance imaging (MRI) demonstrating radiologically occult insufficiency fractures, but also lateral chest radiographs showing asymptomatic vertebral fractures. In particular MRI fragility fractures may have a nonspecific appearance and the radiologists needs to be familiar with the typical locations and findings, to differentiate these fractures from neoplastic lesions. It should be noted that radiologists do not simply need to diagnose fractures related to osteoporosis but also to diagnose those fractures which are complications of osteoporosis related pharmacotherapy. In addition to using standard radiological techniques radiologists also use dual-energy x-ray absorptiometry (DXA) and quantitative computed tomography (QCT) to quantitatively assess bone mineral density for diagnosing osteoporosis or osteopenia as well as to monitor therapy. DXA measurements of the femoral neck are also used to calculate osteoporotic fracture risk based on the Fracture Risk Assessment Tool (FRAX) score, which is universally available. Some of the new technologies such as high-resolution peripheral computed tomography (HR-pQCT) and MR spectroscopy allow assessment of bone architecture and bone marrow composition to characterize fracture risk. Finally radiologists are also involved in the therapy of osteoporotic fractures by using vertebroplasty, kyphoplasty, and sacroplasty. This review article will focus on standard techniques and new concepts in diagnosing and managing osteoporosis.
with these therapies, such as atypical subtrochanteric fractures with bisphosphonates [1, 2] . Patients who already have osteoporotic fractures are clearly candidates for therapy but not always are fractures symptomatic or correctly diagnosed by the radiologist. Also, the referring physician may not consider these incidentally noted fractures as an indication for treatment. Radiologists therefore have an important role in guiding management, but not always are they aware of the significance of the findings and adequate training is essential [3] .
Interpretation of standard imaging biomarkers such as dual energy x-ray absorptiometry (DXA) and quantitative computed tomography (QCT) is more straightforward but training is also critical to provide treatment recommendations and interpret the impact of therapy. DXA measurements of the proximal femur should include Fracture Risk Assessment Tool (FRAX) fracture risk assessment to improve identification of patients at risk for fracture with osteopenic bone mineral density (BMD) [4] . Limitations of BMD measurements are well known and have driven the development of novel imaging biomarkers focusing on bone quality such as high-resolution peripheral QCT (HR-pQCT).
In addition to identifying and guiding management of patients at risk for fractures as well as monitoring therapy radiologists are also directly involved in treatment by performing vertebroplasties, kyphoplasties, and sacroplasties. These are a team approach and require concomitant treatment and radiologists need to be an active part of the treatment team [5] .
The scope of this article is: 1) to highlight the importance of osteoporotic fractures and typical imaging findings using different modalities; 2) to review standard and novel quantitative imaging modalities to measure bone mineral density and bone quality; and 3) to discuss therapeutic interventions and their role in osteoporotic fractures.
Background and Epidemiology
The percentage of older patients is steadily increasing and the yearly number of fragility fractures related to deficient bone mass and quality will increase substantially with continued ageing of the population [6] . Approximately 50% of women and 20% of men older than 50 years of age will have a fragility fracture in their remaining lifetime in Caucasian populations [7] with potentially devastating results. Of the individuals who suffer hip fractures 20% will die within the next year and 20% will require permanent nursing home care [7] .
Patients with vertebral fractures have less severe complications, but vertebral fractures are much more frequent and only 30% of the vertebral fractures come to clinical attention [6] . Those that come to clinical attention are associated with substantial disability from pain and increased thoracic kyphosis. In addition the presence of 1 vertebral fracture leads to a 10-fold increase in risk of subsequent vertebral fractures [8] ; diagnosis and treatment of vertebral fractures is therefore critical. While hip, vertebral, and wrist fractures are the most frequent fractures associated with osteoporosis, the effect of osteoporosis on the skeleton is systemic and there is an increased risk of almost all types of fractures in patients with deficient bone mass and quality.
Diagnosing Fragility Fractures
Radiologists need not only be familiar with correctly interpreting signs of fragility fractures but also using all available imaging modalities for this purpose. In 2000 a study received major public attention that raised significant concern about vertebral fractures being inadequately reported by radiologists [9] . In this study Gehlbach et al [9] reviewed the posterior-anterior and lateral chest radiographs of 934 women aged 60 years and older, who had been admitted to hospital. Radiology reports mentioned only 50% of 132 moderate and severe vertebral fractures found in these women and only 17 patients had a discharge diagnosis of vertebral fracture. All of these 132 patients were candidates for treatment but only a small percentage eventually received pharmacotherapy. Subsequently other studies showed similar findings [10, 11] and the Vertebral Fracture Initiative by the International Osteoporosis Foundation and the European Society of Skeletal Radiology was launched to raise awareness and to train radiologists in diagnosing fractures. Figure 1 shows a typical osteoporotic fracture diagnosed on a chest radiograph.
Similar studies have been performed using multidetector CT (MD-CT) datasets that showed that without sagittal reformations or dedicated evaluation of the scout radiographs a large number of osteoporotic vertebral fractures were missed [12, 13] . Both studies strongly recommended sagittal reformations to improve the detection rate of osteoporotic fractures. In addition to chest radiographs and MD-CT vertebral fracture assessment of DXA studies has also been established [14] to diagnose osteoporotic vertebral fractures and is recommended in postmenopausal women older than 70 years, men older than 80 years of age and patients with height loss and diseases associated with increased risk of vertebral fractures [15] .
It is critical that using all these different modalities osteoporotic vertebral fractures are classified in a standardized way and a semiquantitative grading system developed by Genant et al [16] in 1993 is recommended by most societies such as the International Society of Clinical Densitometry (ISCD), the International Osteoporosis Foundation and the European Society for Skeletal Radiology. According to this grading system a vertebral deformity of T4-L4 with more than 20% height loss and a 10%-20% area of height reduction is defined as a fracture. Four grades are differentiated: grade 0 ¼ no fracture, grade 1 ¼ mild fracture (reduction in vertebral height 20%-25%, compared to adjacent normal vertebrae), grade 2 ¼ moderate fracture (reduction in height 25%-40%), and grade 3 ¼ severe fracture (reduction in height more than 40%).
In addition to vertebral fractures there are a number of other fragility fractures, which are encountered not infrequently but may be incorrectly diagnosed potentially leading to unnecessary and potentially dangerous procedures for patients. Among those pelvic fractures have a particularly important role. Fragility fractures of the sacrum have been misinterpreted as neoplastic lesions and several previous studies [17, 18] focused on the importance of correctly diagnosing sacral fractures. Radiographs are usually quite challenging in diagnosing these fractures and only a small percentage of fractures (20%-38%) are identified [19] . CT is readily available in an emergency setting and shows fracture lines and increased density, eventually also fracture callus is demonstrated ( Figure 2 ). It should be noted, however, that CT is not as sensitive as bone scintigraphy or magnetic resonance imaging (MRI) and sensitivities of only 60% and 75% have been reported [17, 20] . This is due to the fact that the substantial amount of bone loss in these patients makes it challenging to demonstrate fracture lines. CT, however, may have an important role as a problem solving tool by identifying cortical and trabecular destruction, which are seen with neoplastic lesions such as bone metastases [21] . While MRI and nuclear medicine techniques are very sensitive in diagnosing fragility fractures both technologies are not very specific and differentiating fragility fractures from neoplastic lesions can be difficult. The typical MRI findings are bone marrow oedema pattern best seen on fluid sensitive fat saturated sequences such as short tau inversion recovery sequences and fracture lines, which tend to be better seen on T1-weighted spin-echo sequences ( Figure 3 ). In more chronic stages there may be more sclerosis, which is low in T1-weighted and short tau inversion recovery sequences. If fracture lines are not seen MR findings may be misleading and not infrequently result in bone biopsies or more advanced imaging such as positron emission tomography-CT. In addition to the sacrum insufficiency fractures are also found in other regions of the pelvis such as the pubic bones and the supra-acetabular region; not infrequently they Figure 4 . Sequential radiographs (A, C) and magnetic resonance imaging (MRI) of the pelvis (B) in a 75-year-old woman with a right hip hemiarthroplasty and a left pubic symphysis insufficiency fracture. Initial radiograph (A) was obtained after low energy fall from less than standing height and persistent pain. Suspicion for fracture led to the MRI, which demonstrated a mildly displaced and impacted superior pubic ramus fracture (B). Radiograph obtained 3 months after the fall shows healing pubic symphysis fracture with callus formation. Figure 5 . Anteroposterior, weight-bearing radiograph (A) and coronal fat-saturated intermediated fast spin-echo sequence (B) of the left knee in a 76-year-old man with increasing medial-sided knee pain since 3 months. The radiograph does not show any deformity but medial joint space narrowing and osteophytes, consistent with moderate osteoarthritis. The magnetic resonance imaging shows a subchondral, low intensity line consistent with an insufficiency fracture (arrows) and adjacent, extensive bone marrow oedema pattern. Findings are consistent with increased bone fragility associated with altered biomechanical loading related to medial meniscal abnormality (medial meniscus body is diminutive and torn).
are found in patients with total joint replacements, which is related to altered biomechanical loading of the pelvic bones ( Figure 4 ).
In addition to the pelvis and spine fragility fractures are also found at other sites such as the femoral condyles and the femoral head and may be misinterpreted as osteonecrosis. A number of previous studies [22e24] have documented the typical MR and histological findings. These fractures are related to increased bone fragility associated with altered biomechanical loading. On MRI the typical findings are a fracture line following the joint surface and a substantial amount of bone marrow oedema pattern ( Figure 5 ). Typically these fractures are associated with accelerated osteoarthritis and not infrequently result in total joint replacement.
Complications of Osteoporosis-Related Pharmacotherapy
Atypical subtrochanteric and femoral shaft fractures are an infrequent yet significant complication of long-term bisphophonate therapy in older individuals [1, 25] . The typical radiologic features of these fractures are a location in the subtrochanteric region and femoral shaft, transverse or short oblique orientation, minimal or no associated trauma, a medial spike when the fracture is complete, absence of comminution, cortical thickening, and a periosteal reaction of the lateral cortex ( Figure 6 ) [25] . In the early stages lateral cortical thickening of the cortex is typically found which may progress to a complete fracture and is therefore a critical finding, which needs to be communicated to the clinician.
According to the American Society of Bone and Mineral Research task force in 28% of patients bilateral fractures were found with bilateral radiographic abnormalities [26] . It is therefore imperative to always thoroughly investigate both femora. Fractures may be complete when they extend through both cortices and may be associated with a medial spike; incomplete fractures involve only the lateral cortex. Interestingly a number of patients have prodromal symptoms such as dull or aching pain in the groin or thigh. Atypical fractures are also characterized by delayed healing and an increased rate of intraoperative and postoperative complications related to altered bone quality [27] .
While complete fractures are managed surgically, typically with intramedullary nailing, there is no definite protocol as to whether incomplete atypical fractures should be managed with surgery or conservatively [27] . Management of these fractures depends on the clinical findings and radiologic evidence from radiographs and MRI. Femur radiographs should be examined for cortical reaction and a radiolucent fracture line across the lateral cortex. The presence of a radiolucent line on plain radiograph indicates a poor prognosis, and prophylactic fixation is recommended to prevent progression to complete fracture [28] . In the absence of a fracture line on plain radiograph patients may be managed nonoperatively with no weight bearing or limited weight bearing with a crutch, cane, or walker, and the use of teriparatide as well as other pharmacologic modalities. However, the failure rate for conservative treatment is high and close monitoring with plain radiographs and MRI is recommended [29] .
Quantitative Measurement of Bone Density and Structure

Bone Densitometry
The standard technique to measure BMD is DXA and based on this quantitative measurement the WHO defined osteoporosis and osteopenia in 1994 [30] . T-scores are used to define osteoporosis, osteopenia, and normal BMD. The T-score is the standard deviation compared to a young normal reference population, a T-score of e1 is considered as normal BMD while a T-score of <1 and >2.5 is defined as Figure 7 . Dual-energy x-ray absorptiometry study of the lumbar spine (A), the proximal femur (B) and the distal radius (C) obtained in a 74-year-old woman with osteoporotic bone mineral density (BMD). The diagnosis is made using the lowest t score from L1-4, femoral neck, total femur (consists of femoral neck, trochanteric, and intertrochanteric region, shown in blue), and one-third distal radius regions (shown in blue). In this patient the t score of the lumbar spine was e2.7, of the neck e2.7, of the total femur e2.4, and e2.6 of the one-third distal radius region. Image A also shows previous BMD measurements obtained at age 71 and 73 years; BMD is stable without significant change. This figure is available in colour online at http://carjonline.org/. osteopenic and of 2.5 as osteoporotic. This definition is used for BMD of the proximal femur (neck and total femur regions of interest) ( Figure 7B ) and of the lumbar spine (anteroposterior projection) ( Figure 7A ). If these measurements are not available because of severe degenerative changes of the lumbar spine or bilateral total hip replacements the distal radius BMD (one-third radius region of interest) may be used ( Figure 7C ). The World Health Organization (WHO) definition was originally only used in postmenopausal women but can according to ISCD guidelines also be used for men older than 50 years of age [15, 31, 32] . The ISCD has also published guidelines for DXA of premenopausal women, men younger than 50 years of age, and children [15, 31, 32] . In these populations Z scores are used comparing individual BMD measurements to age-matched reference populations; a Z score e2 is defined as ''BMD below the expected range for age.'' It should be noted that in these populations a diagnosis of osteoporosis cannot be based on DXA alone.
DXA is a well-standardized technique with a high precision (precision error 2%-2.5%) and low radiation dose (1-50 microSv) [33] . DXA is indicated in women aged 65 and older as well as younger and perimenopausal women with risk factors for fragility fractures. In addition men 70 years of age and older and younger men with risk factors for fracture should undergo DXA. Patients who are considered for pharmacotherapy and those currently treated with pharmacotherapy should also be examined with DXA [31] . Follow-up DXA scans are typically performed every 1-2 years to monitor treatment response [34] . Recommended time intervals are based on the least significant change, which is calculated using the precision error of the measurement multiplied by 2.77 [35] . The spine measurement has normally the lowest precision error, but a BMD change of approximately 5% is needed to demonstrate a significant impact of therapy [36] .
Though it is the standard measurement DXA has a number of limitations: 1. Spine DXA is sensitive to degenerative changes and individuals with significant degenerative disease will have increased BMD, but this may not correlate with the true fracture risk. 2. DXA is an areal measurement, which is susceptible to bone size and may therefore over-estimate the fracture risk in individuals with small body frame.
Structures overlying the spine and proximal femur, such
as aortic or other vascular calcifications, bowel contrast, and pancreatic calcifications may increase the BMD. On the other hand status postlaminectomy at the spine may decrease BMD.
To better characterize fracture risk in osteopenic individuals the WHO introduced the FRAX fracture risk assessment tool (http://www.sheffield.ac.uk/FRAX/) [37e39]. It includes DXA based BMD of the femoral neck and clinical risk factors (previous fracture, parent fractured hip, current smoking, glucocorticoids, rheumatoid arthritis, alcohol, and secondary osteoporosis) in addition to age, gender, weight, and height. From these data a 10-year probability of a hip fracture or major osteoporosis related fracture are calculated. Based on the US-adapted WHO algorithm medical therapies are recommended if the patient is osteopenic (T-score between e 1.0 and e2.5) and the 10-year probability of a hip fracture is 3% or the 10-year probability of a major fracture is 20%.
Alternatively to DXA QCT may be used to measure BMD [40] . While the WHO definition does not apply to QCT and T-scores should not be used for QCT, the American College of Radiology introduced guidelines for evaluating QCT studies, which are based on absolute BMD measurements. BMD values above 120 mg hydroxyapatite/mL are considered as normal, from 120-80 mg/mL are defined as osteopenic and BMD values below 80 mg/mL as osteoporotic [41] . T-scores should not be used for QCT because they would identify a significantly larger patient population with osteoporosis than would DXA, which is explained by a faster decrease of QCT BMD with age than DXA BMD. Both volumetric and single-slice QCT techniques are used, but while volumetric techniques have better precision than single-slice techniques, they also have a substantially higher radiation dose [40] . Radiation exposure doses as low as 50-60 microSv have been described for single-slice QCT using low-dose techniques, while for volumetric QCT doses are in the order of 1500 microSv for the spine and 2500-3000 microSv for the hip [42, 43] . Figure 8 shows image datasets obtained for a volumetric scan of the lumbar spine, including the volumes of interest.
Compared to DXA QCT provides trabecular bone measurements which are more sensitive to therapy [44] . It also allows volumetric BMD measurements of the lumbar spine and proximal femur, which are independent of the body size and cross-sectional studies have shown that QCT BMD of the spine allows better discrimination of individuals with and without fragility fractures [45, 46] . However, the disadvantages are the higher radiation dose and a limited number of longitudinal scientific studies that have shown how QCT predicts fragility fractures.
Recommendations for the use of QCT instead of DXA are: 1) very small or large individuals; 2) older individuals with expected advanced degenerative disease of the lumbar spine or morphological abnormalities; and 3) if high sensitivity to monitor metabolic bone change is required such as in patients treated with parathyroid hormone or corticosteroids [21] . A recent study comparing DXA and QCT in older men with diffuse idiopathic skeletal hyperostosis demonstrated that QCT was better suited to differentiate men with and without vertebral fractures [47] .
Densitometric techniques of the peripheral skeleton include peripheral DXA [48] , pQCT [49] and digital x-ray radiogrammetry (DXR) [50] , but they have limited significance clinically. They are inexpensive and easy to perform, but the different types of measurement often correlate poorly making it difficult to find a consensus on the best use of peripheral measurements [36] .
Diagnostic Techniques to Measure Bone Quality
Bone quality measurements are less well standardized and have a more limited clinical application compared to BMD measurements. The most widely distributed measurements of bone quality are HR-pQCT and quantitative ultrasound (QUS). Interesting newer measurements are MR spectroscopy of bone marrow and texture analysis of DXA images.
HR-pQCT was developed for imaging of trabecular and cortical bone architecture of the distal radius and tibia Figure 9 . High-resolution peripheral quantitative computed tomography image of the distal tibia in a 58-year-old woman with type 2 diabetes and fragility fracture. Note high detail of trabecular bone architecture visualization and increased cortical porosity (arrows), which is a typical finding associated with diabetic fragility fractures.
[51e53] (Figure 9 ). The HR-pQCT system is produced by a single manufacturer (XtremeCT; Scanco Medical AG, Br€ uttisellen, Switzerland) and has higher spatial resolution compared to standard MD-CT and MRI [54] . While the reconstructed voxel size is 82 mm for the standard patient HR-pQCT protocol, the actual spatial resolution of the image is approximately 130 mm near the center of the field of view, and somewhat less off-center (140-160 mm) [55] . Newer generation HR-pQCT systems have a voxel size down to 41 mm. The effective radiation dose is low with <3 microSv. The system allows acquisition of BMD, trabecular, and cortical bone architecture at the same time. Based on a semiautomated contouring and segmentation process, the trabecular and cortical compartments are segmented automatically for subsequent densitometric, morphometric, and biomechanical analyses. Morphometric indices analogous to classical histomorphometry as well as connectivity, structure model index (a measure of the rod or plate-like appearance of the structure), and anisotropy can be calculated from the binary images of the trabecular bone. In addition finite element analysis can be applied to these datasets and apparent biomechanical properties (eg, stiffness, elastic modulus) can be computed by decomposing the trabecular bone structure into small cubic elements (ie, the voxels) with assumed mechanical properties [56, 57] . Previous clinical studies have shown promising results in differentiating postmenopausal females and older men with and without fragility fractures [51, 58] and in monitoring therapeutic interventions [59] . Recently structural analysis of cortical bone has been introduced to the study of HR-pQCT datasets and cortical porosity measurements have been developed [56] . This parameter has been shown to be useful in identifying increased fracture risk in patients with type 2 diabetes [60] .
It has been shown that bone marrow fat is increased in osteoporosis and that other conditions with increased fracture risk such as diabetes mellitus, immobility and glucorticoid therapy are also characterized by increased bone marrow fat [61] . Proton magnetic resonance spectroscopy allows to measure bone marrow fat noninvasively and previous studies have shown that bone marrow fat increases with decreasing BMD and is significantly elevated in postmenopausal females and older men [62e64].
QUS is a low-cost technique, which has been used for a number of years and has been performed at a number of different anatomical sites (calcaneus, phalanges of the hand, tibia), but according to the ISCD official positions (http:// www.iscd.org/official-positions/official-positions/) the only validated skeletal site is the calcaneus/heel. QUS allows to measure the transmission of ultrasound waves through bone, which is characterized by the velocity of transmission and the amplitude of the ultrasound signal. Velocity is measured as metre/second and defined as speed of sound, which decreases in osteoporotic bone. Broadband ultrasound attenuation is calculated in decibel/megahertz and increases in osteoporotic bone. A previous meta-analysis found that Figure 10 . Sagittal short tau inversion recovery sequences of the lumbar spine in a 77-year-old man with osteoporotic vertebral fractures and kyphoplasties. Initially (A) the patient had a L3 osteoporotic fracture (arrow) which was treated with kyphoplasty (asterisk in B). (B) also shows 2 subsequent, new vertebral fractures of L4 and L5 that developed 7 weeks after the initial kyphoplasty. Image C was obtained 5 weeks after the second kyphoplasty (L4 and L5) (asterisks) and demonstrates 2 new fractures at T12 and L1 (arrows). Image D was performed 3 weeks after subsequent T12 and L1 kyphoplasty (asterisks) and shows also mild new T11 fracture with bone marrow oedema pattern along the endplate (arrow).
both DXA and calcaneal QUS predicted fractures but interestingly that the correlation between the 2 techniques was low [65] . Thus it has been suggested that the technique may be well suited to assess bone quality [66] . However, the proliferation of QUS devices that are technologically diverse, measuring and reporting variable bone parameters in different ways, examining different skeletal sites, and having differing levels of validating data for association with DXA-measured bone density and fracture risk, has created many challenges in applying QUS for use in clinical practice [67] .
While QUS has been shown to differentiate individuals with and without fragility fractures [68, 69] and to predict fracture risk [70] , it has not been established to diagnose osteoporosis such as DXA has and it is currently not recommended to monitor treatment response according to the ISCD official positions [67] , as the number of large-scale studies describing the efficacy of QUS in monitoring the effects of treatments is limited.
Management of Fragility Fractures
A recent retrospective analysis of a nationwide inpatient sample from 2005-2011demonstrated that the absolute rate of inpatient vertebroplasty and kyphoplasty procedures for vertebral fragility fractures decreased overall, but also that patients with greater disease severity were treated [71] . The decreased inpatient volume and procedural rates were attributed to a number of randomized clinical trials, which showed conflicting outcomes regarding pain and quality of life compared to nonsurgical management and sham pro-
Vertebroplasty involves a percutaneous injection of bone cement/polymethylmethacrylate into a fractured vertebral body, generally through a unilateral or bilateral transpedicular route. In balloon kyphoplasty, a mostly bilateral transpedicular or extrapedicular route is used to access the vertebral body and a balloon is introduced expanding the bone and creating a cavity with the goal to realign the endplate of the vertebral body. After removal of the balloon bone cement is injected which fixes and stabilizes the fracture. A previous study showed that the level of cement leakage and number of reported adverse events (pulmonary emboli and neurologic injury) in balloon kyphoplasty was significantly lower than for vertebroplasty [75] . Also kyphoplasty may restore height and reverse wedge deformity, which is usually not seen with vetebroplasty. However, both techniques are considered to be safe and effective in reducing pain [75e77].
There is some conflicting evidence concerning new fractures in adjacent levels after vertebral fractures treated with kyphoplasty and vertebroplasty ( Figure 10 ). This is based on biomechanical studies, that have shown that the acute change in stiffness may provoke fractures in adjacent levels [78, 79] . Three-dimensional computer models of L2 and L3 were developed, adapting material properties to simulate osteoporosis and cement augmentation was found to restore strength of the treated vertebra but clearly altered the load transfer in the adjacent vertebra [79] . Fribourg et al [80] demonstrated a higher rate of subsequent fracture after kyphoplasty compared with natural history data for untreated fractures. Most of these occurred at an adjacent level within 2 months of the index procedure. After this 2-month period, there were only occasional subsequent fractures, which occurred at remote levels. The authors therefore recommended that patients with an increase in back pain after kyphoplasty should be evaluated carefully for subsequent adjacent fractures, especially during the first 2 months after the index procedure [80] .
The first studies on the treatment of sacral insufficiency fractures with sacroplasty were published between 2002-2005 [81e84] . Sacroplasty is similar to vertebroplasty and is usually performed under CT guidance as it provides more accurate needle placement, but ideally with fluoroscopy monitoring to assess leakage of bone cement or vascular embolization ( Figure 11 ). Bone cement is injected into the fracture area and usually provides pain relief within 24 hours. Sacroplasty is considered safe and practical, and provides effective pain relief. In a recent, single-center study including 53 patients no major complication or procedurerelated morbidity occurred [85] . In addition significant short-term gains in pain relief, increased mobility, and decreased dependence on pain medication were observed.
Summary and Conclusion
This review article aims to cover the entire spectrum of osteoporosis imaging relevant for the radiologist. Osteoporosis is a severely debilitating disease, which will in the future gain increasing importance as our population ages. As radiologists we have a critical role in diagnosing and managing patients with increased risk for fragility fractures [3] . First, we need to identify patients with prevalent fragility fractures, as they are at high risk for future severe fractures, specifically we need to alert our clinicians concerning these issues and not misinterpret these findings as malignant disease prompting costly and unsafe interventions. In addition we need to diagnose and monitor osteoporosis using quantitative techniques such as DXA and be familiar with complications of medical treatments. We need to be at the forefront in developing new tools to better assess bone quality and fracture risk. Finally, we need to be part of the treatment team performing interventional procedures to treat vertebral and sacral insufficiency fractures in concert with other clinicians adding supportive pharmacotherapies.
